It is commonly believed that a careful investigation of the subleading terms is crucial for a better understanding of the QCD factorization in charmless B decays. In this work the penguin-dominated B → Kπ decays are discussed systematically, including the subleading corrections in 1/m b due to soft and hard gluons, besides the annihilation contributions. Soft-gluon effects for all the relevant 4-quark effective operators are calculated within the framework of the light-cone QCD sum rules (LCSR). Our observation is that such soft and hard corrections are less important than the annihilation effects, enhancing only the branching ratios by a few percent; the resultant increase in the branching ratios due to the overall O(1/m b ) effects is between about (22−27)% of the QCD factorization results with the O(α s ) corrections, as the weak phase γ(= ImV * ub ) ranges from 40 0 to 80 0 . Impacts of the involved uncertainties are discussed in some details.
I.INTRODUCTION
A considerable progress has been achieved in the phenomenology of B decays since the naive factorization ansatz [1] was presented for the two-body hadronic decays of heavy-mesons.
One makes effort to approach the physics of B hadronic decays in the QCD background, on various prescriptions such as QCD factorization [2] , generalized factorization [3] , soft-collinear effective theory [4] and three-scale perturbative QCD factorization theorem [5] . Especially, more attentions are paid to the QCD factorization approach which is formulated from the QCD first principle, for it indeed is a substantive improvement over the naive factorization assumption, namely, it provides a possibility to solve the long-standing problem about the scale-dependence of physical amplitudes in the naive factorization. The reasoning behind this mechanism is that when one works in the heavy quark limit m b → ∞, the soft gluons with momentum of order Λ QCD decouple and so the interaction kernel responsible for the transitions can be calculated with the perturbative QCD (PQCD) method in the case of the B decays into two light mesons. To be specific, the hadronic matrix elements for, say, B → ππ can be expressed as,
where O i are the concerned local four-quark operators in the weak effective Hamiltonian, j 1,2 are the bilinear quark currents and the other two terms correspond to the perturbative correction and non-perturbative contributions respectively. The QCD factorization formula exhibits a considerably strong predictive power, for the nonfactorization contributions are either suppressed by power in α s or of order (Λ QCD /m b ) n . The power corrections in α s can be calculated systematically. Unfortunately, 1/m b effects is not available in this approach and thus an accurate theoretical prediction on nonleptonic B decays still is a challenge.
Annihilation and soft corrections generally are anticipated to be the most important among these power-suppression effects. A better understanding of such effects, or at least a reliable estimation is prerequisite for extraction of meaningful information on, for example, the CKM entries and new physics beyond the standard model(SM). Based on PQCD [6] , contributions of the annihilation to B → ππ, Kπ have been estimated, showing a subleading behavior in 1/m b .
Soft effects can be induced either by soft-gluon exchanges between two quark pairs before they form the final state mesons, or by soft-gluon emissions from the penguin contractions of the effective operators and chromomagnetic dipole operators. We must resort to a certain model in order to assess them. Although there have existed some earlier attempts [7] in this aspect, both systematic discussion and decided conclusion were absent till Khodjamirian's work [8] , where both nonfactorizable hard and soft effects may be assessed quantitatively using a new QCD light-cone sum rule(LCSR) technique. Using the LCSR approach [8, 9, 10] non-factorizable soft contributions to B → ππ have been discussed in details. It is found that despite its numerical smallness, the O(1/m b ) soft effects are at the same level as the corresponding O(α s ) corrections in QCD factorization scenario for B → ππ. It denotes that soft effects are indispensable for a more accurate counting of nonfactorizable effect in charmless B decays.
Recently, the CLEO-II and CLEO-III Collaborations reported their data on the branching ratios of the B → Kπ decays [11] . The CLEO-II measurements are
and the CLEO-III ones are
As against the case of B → ππ decays, these decay modes are penguin-dominated, for the tree contributions are CKM suppressed. Because as well known, all new physics effects can only manifest themselves via loops as present collider energies, these processes deserve a detailed investigation in search of new physics. In this work we will make a careful evaluation of the complete subleading effects in the QCD factorization for the B → Kπ decays by investigating the 1/m b power corrections associated with the soft-gluon effects from emission and penguin topology, as well as with the chromomagnetic dipole operator in the framework of LCSR.
Our paper is organized as follows. In the following section, we present a systematic quantitative analysis of the soft contributions to the matrix elements for B → Kπ. The calculation is performed to O(1/m b ) order. In particular soft effects stemming from emission diagrams are investigated at some length in the LCSR. Moreover, the special role is discussed of the penguin topology of the four-quark effective operators and chromomagnetic dipole operators.
They contribute not only soft effects but also hard effects of O(1/m b ) which are absent in the QCD factorization. We estimate both of them with the help of the LCSR results for B → ππ [10] . In section III, we give the formula for calculating the branching ratios to subleading accuracy in α s and 1/m b by adding the yielded soft and hard corrections of O(1/m b ), together with the annihilation effects evaluated previously, to the corresponding QCD factorization results for B → Kπ with O(α s ) corrections. In Sec.IV. we present our numerical analyses along with all the necessary input parameters, including a detailed discussion on the possible uncertainties which influence our numerical results more or less. The last section is devoted to a brief summary.
II. LCSR FOR SOFT-GLUON EFFECTS IN B → Kπ
We begin with the weak effective Hamiltonian H ef f for the △B = 1 transition as [12] 
where − 10) ) and O 8g are the tree, QCD (electroweak penguin) and chromomagnetic dipole operators, respectively. For a completeness, we list the relevant effective operators below
where α and β are the color indices, q runs over u, d, s, candb, and
is the gluon field strength.
To estimate the soft-exchange corrections involving emission topology in the B → Kπ decays, one would decompose the relevant 4-quark effective operators into a color singlet part and a color octet one. Then the soft corrections can be estimated to the matrix elements of the color octet operators by studying the interactions between an emitted quark-antiquark pair and a background field gluon. 7, 9 . The color-octet operators we encounter are of two types of structure:
(V − A)(V − A) and (S + P )(S − P ). In the former case, the soft-exchange corrections to B → ππ have been evaluated in Ref. [8, 9] . Here we would like to provide a detailed derivation of the soft contributions arising from this type of operator in the case of B 0 → K − π + . To be definite, we are going to calculate the soft correction to the matrix element of the operator
Given that the K − meson is produced as an emitted hadron in the decay, it is in order that we choose the vacuum-pion correlation function as
to carry out a LCSR estimate of the matrix element of O, where j (7) with respect to the independent momenta into four invariant pieces:
Here an unphysical 4-momentum k = 0 is introduced as an auxiliary external momentum in the weak operator vertex. By invoking the non-vanishing k, the total momentum of the final states becomes P = p − k − q, which is independent of the momentum p − q in the B channel, and the plagues of light hadron states may be effectively avoided in the dispersion relation for the B meson channel. Of course, the unphysical k has to vanish automatically in the physical matrix elements. This can be guaranteed, as will be seen, by choosing reasonably the kinematical region so that we may let k 2 = 0.
Saturating the correlator (7) with a complete set of intermediate states of the K quantum numbers and utilizing the definition of the K meson decay constant < 0 |ūγ α γ 5 s|K
follows that only the invariant function F is relevant to our concern. Explicitly, the resultant hadronic expression for F reads,
where s K 0 is the threshold parameter and the spectral function ρ 
On the other hand, F can be calculated applying the Operator Product Expansion (OPE) to
Eq. (7) in large space-like regions of both p − k and p − q. Equating both of them in terms of the quark-hadron duality and then making the Borel
The correlator Π πK ((p − q) 2 , P 2 ) is applicable for large space-like P 2 , therefore one needs to make the analytic continuation of Eq. (11) from large space-like region P 2 ≪ 0 to large
Inserting further the intermediate states of theB 0 quantum numbers in the correlator of Eq (12), the desired hadronic matrix element < K − π + |O|B > could be extracted in the light of the standard procedure for QCD sum rule calculation. Not giving any details, we end up with the following LCSR expression for the matrix element in question,
where f B is the B decay constant, s B 0 and M ′ 2 are the threshold and Borel parameters in the Bchannel and the QCD double spectral density ρ QCD (s, s ′ , m
). We will use the notation A 1 to denote such matrix element from now on. Now we expand the correlation function (7) near the light-cone
. The kinematical regions we choose are summarized as:
and
which are such that the LCSR calculation is efficient and self-consistent. Moreover, we set all the light quark masses to be zero and neglect all the terms proportional to order of 1/m 2 b which emerge in the calculations. As has been mentioned, we emphasize that soft exchange effect is due to the interactions between emitted quark-antiquark pairs and a background field gluon. The underlying interactions would offer relevant quark propagators a correction term [13] :
where n is the space-time dimension.
Using Eq. (16) and parameterizing the nonperturbative QCD effects with the three particle distribution functions of the pion, a straightforward calculation leads to the following lightcone QCD result
with the twist-3 contribution
and the twist-4 contribution
In Eqs. (18) and (19),
; f π is the decay constant of the pion, f 3π indicates a nonperturbative parameter defined by the matrix element <
of twist-4 and it defines the functions Ψ 1,2 along with another twist-4 distribution amplitude
Refer to Ref. [14] for the definitions of the various wavefunctions involved here and hereafter.
A simple manipulation can make Eq. (17) (13), we derive the final LCSR for A 1 as
where
. It is noted that for twist-3 part we obtain the same result as in B → ππ case [8] , whereas the obtained twist-4 parts are not quite the same (in contrast with the corresponding term (
u 2 ). Numerically, however, the two forms result in close numbers.
Applying the same procedure to the (S + P )(S − P ) operators , we find that they would not provide the decay amplitudes with any soft corrections. We will 
. For the latter case, however, we have to modify the correlation function (7) with a necessary replacement, and besides the (V −A)(V −A) and (S +P )(S −P ) operators we have to deal with the operators of (V − A)(V + A) structure. Omitting the concrete derivations to save space, we only present a simple summary of our results. The operator
provides the relevant matrix elements with the
The (S + P )(S − P ) operators make a vanishing contribution, as in the K emission case. It is interesting to notice that the (V − A)(V + A) operators have an equal matrix element to those of the corresponding (V − A)(V − A) operators.
Expanding the LCSR for A 1 and A 2 in 1/m b and then comparing them with the corresponding factorizable amplitudes, we observe that the soft effects of the emission topology are typically of order 1/m b .
Finally, the soft contributions of the emission topology to the B → Kπ decay amplitudes can be parametrized in terms of the resulting A 1 and A 2 as the following,
which abide evidently by the isospin symmetry.
Apart from the soft contributions due to the emission, the two-body B decays could, generally speaking, receive the power corrections in 1/m b stemming from the chromomagnetic diploe operator O 8g and penguin topology of the operators O i The resultant effects are composed of three different parts: one is owing to a soft gluon which is emitted off either from the O 8g vertex or from a quark loop in penguin contractions of the effective operators and then hadronizes into a three-particle Fock state (qqg) of mesons including a spectator quark (antiquark). The other two originate, respectively, in a hard exchange, which is accompanied by the subsequent hadronization of a light-quark pair into a two-body final state, between the gluons emitted as above and a spectator quark, and in the diagrams including a factorizable quark condensate accompanied by a hard-gluon exchange in light-cone OPE [10] . All these corrections are also suitable for a quantitative study with LCSR. In fact, a detailed discussion has been made on their influences on B → ππ in the LCSR framework [10] . to be a large effect. However, it has a counterpart in the QCD factorization and thus is not included in our calculation to avoid a double counting.
It is reasonable to assume that the same power counting holds for B → Kπ. Furthermore, bearing in mind the fact that no strange quark appears as a spectator in present case and therefore the soft gluons emitted can only combine with a quark pair to form a three particle Fock state of the pion, we may directly use the corresponding LCSR results [10] with a simple replacement of the relevant parameters to achieve an estimate of the soft and hard effects due to the O 8g operator and penguin diagrams in the B → Kπ case. As a consequence, the resultant corrections to the decay amplitudes can be expressed, at subleading order in 1/m b where only O 8g is involved, as follows,
Here A 
where both distribution amplitudes ϕ p (u) and ϕ σ (u) are of twist-3 and are used to describe the pionic valence Fock state, in contrast to ϕ 3π (u), while ϕ ⊥ (u) is a twist-4 three-particle wavefunction in analogy to ϕ ⊥ (α i ) and ϕ (α i ).
III. DECAY AMPLITUDES AND BRANCHING RATIOS WITH SUBLEADING CORRECTIONS
Having in hand the LCSR results for the subleading corrections in 1/m b to the B → Kπ decay amplitudes from both soft effects and hard exchanges, we are able to combine them with the annihilation parts M a to get a complete result of 1/m b order. Adding the resultant O(1/m b ) corrections to the QCD factorizton-based results M f , we have the decay amplitudes to the requested accuracy. In Ref. [6] , the B → Kπ decay amplitudes have been computed by including the O(α s ) corrections, and the annihilation effects have been estimated in pQCD too. The findings, which will be used for our upcoming numerical discussion, are:
In Eq. (27), a i and a 
Using the resultant decay amplitudes, it is straightforward to calculate the branching ratios of the B → Kπ decays, which are given by
with P being the c.m momentum of the outgoing mesons in the center of mass frame of B meson,
and τ B indicating the B lifetimes.
IV. NUMERICAL RESULTS AND DISCUSSIONS
Now we are in a position to make a numerical analysis and then to see how the subleading effects in 1/m b impact the results of the QCD factorization. The important parameters of the present concern contain the QCD effective coefficients, quark masses, form factors, decay constants and distribution amplitudes. For the QCD effective coefficients and current quark masses, we adopt the results provided in Ref. [6] and estimate them at the scale µ = m b /2.
There have been a number of model-dependent estimates for the form factors F B→π,K (q 2 ) and decay constants f B in the literature. Consistently we pick out, as inputs, the sum rule evaluations [15] : GeV 2 [15] , corresponding to the pion, K and B channels respectively. The B-lifetimes are measured as [17] : τB0 = 1.542 × 10 −12 ps and τ B − = 1.674 × 10 −12 ps. In addition, to explicitly investigate the dependence of the resultant branching ratios on the weak phase γ = ImV * ub , it is convenient to employ the following parametrization for the CKM matrix elements [17] :
where |V cb | = 0.0395 ± 0.0017, λ = |V us | = 0.2196, and
Before all, we would like to check the pattern which would exist for the B → Kπ decay.
According to the naive factorization, one can expect the following hierarchy among the rates to hold:
The reason for this relation is the following: (1) The penguin contributions dominate in these decays, and the tree ones are less important by the CKM suppression. (2) It is generally desirable that the branching ratios for B − → K 0 π − and B 0 → K − π + must be very close due to the smallness of the electroweak penguin effect, the slight difference between them arises from a destructive interference between the tree and QCD penguin contributions to We plot the branching ratios versus γ in Fig.1-4 , and for comparison we let each of them display the prediction based on the QCD factorization formula (27) 
(2) the branching ratios of both K 0 π − and B → K 0 π 0 are less sensitive to the change of γ than the other two, as expected. (3) Numerical results for the branching ratios read:
from which we then can get the robust ratios as:
Taking γ = 60 0 ± 20 0 , the QCD factorization predicts the branching ratio for all the B → Kπ decays to be smaller than the central values reported by CLEO-II and-III; especially
is located far below the measured central values, a result in accordance with the observation of Ref. [6] . Also, the resultant ratios (36) are basically in agreement with those of Ref. [6] .
Incorporating the O(1/m b ) corrections, we find that as shown in Fig.6 , the the branching ratios (35) are evidently modified, but the ratios given in (36) do not vary much. The numerical results are shown as
As the central values of the branching ratios are concerned, the resultant theoretical predictions deviate from the experimental data yet. However, it should be noted that the contribution of the O(1/m b ) effect is constructive in all the four modes so that depending on decay mode and γ the branching ratios could gain an increase of (22 − 27)%. Consequently, the obtained theoretical predictions become closer to the experimental observations, namely the calculated branching ratios of the first three modes can be accommodated within the experimental and theoretical errors, but obviously not for the mode
Taking a closer look at the individual roles of the soft and hard exchange and annihilation effects in the subleading contributions in 1/m b , we estimate the two ratios B (nl) /B (f +a) and
For all the decay modes, annihilation topology enhances the results of the QCD factor- Along with the experimental errors, as it is, there are some theoretical uncertainties which can affect the numerical results presented above and should be carefully examined. Obviously most of the uncertainties are related to the non-perturbative QCD and due to a lack of solid knowledge on it. At present we don't intend to make a quantitative estimate of them, instead will list the main sources of uncertainty and discuss how they influence the present results.
By our observation, the most important among sources of uncertainty are the following: (1 but numerically large. Because the factor is sensitive to the current quark masses which are not known precisely at present, its variation may cause a considerable uncertainty to numerical results. (3) Distribution amplitudes. The models for the distribution amplitudes of light mesons, which are adopted in the paper, are based on an expansion in conformal spin. For the leading twist-2 the distribution amplitudes, the asymptotic forms are known precisely, whereas a non-asymptotic correction is usually believed to be under control, in spite of its model-dependence. In comparison, little is known about the uncertainties in the other distribution amplitudes such as those of the higher Fock states and B mesons, and therefore it has a significant impact on reliability of theoretical prediction. For example, higher-twist distribution amplitudes could affect greatly the accuracy of the 1/m b correction parts; the hard spectator scattering contributions, which are proportional to a factor 1/Λ QCD due to the B meson wavefunctions, would suffer from a considerable uncertainty. (4) Form factors. One may believe that long-distance effects dominate the hadronic matrix elements of the heavyto-light transitions from a naive power counting. If it is true, the LCSR results for the form factors, which are used in our calculations, should be relatively reliable. Nevertheless, there are other viewpoint contrary to it [5] , that is, the short-distance contributions are predominate over long-distance ones so that PQCD is applicable in this case. A better understanding of the uncertainties due to the form factors asks for a clarification of the transition mechanism. Once all these uncertain factors are taken into account and clarified or fixed either theoretically or phenomenologically, the numerical results presented here can and should eventually be updated with our new knowledge, and would be convincible to a high degree. No doubt, it still is premature to draw a decisive conclusion at present whether the theoretical estimates can or cannot accommodate the experimental data for B → Kπ decays.
We have to await the experimental improvements and essentially, to examine the behaviors of FSI effects in the heavy quark limit m b → ∞ in order to have a precise power counting of them. Besides, the influences of the possible uncertainties in the various parameters must be carefully analyzed and quantitatively evaluated. Anyhow a thorough investigation, whether theoretical or phenomenological, on the subleading in 1/m b effects in charmless B decays is crucial and necessary.
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